We present a technique capable of producing subwavelength focal spots in the far-field of the source in planar non-resonant structures. The approach combines the diffraction gratings that generate the high-wavevector-number modes and planar slabs of homogeneous anisotropic metamaterials that propagate these waves and combine them at the subwavelength focal spots. In a sense, the technique combines the benefits of Fresnel lens, near-field zone plates, hyperlens, and superlens, and at the same time resolves their fundamental limitations. Several realizations of the proposed technique for visible, near-IR, and mid-IR frequencies are proposed, and their performance is analyzed theoretically and numerically. Generalization of the developed approach for sub-diffractional on-chip photonics is suggested.
The further development of sensing, imaging, and communication technologies requires ever improving control over the propagation of electromagnetic waves [1, 2, 3, 4, 5, 6, 7] . A generic photonic unit (e.g. optical sensor, lithographic or imaging apparatus, communication unit) can be considered as a device providing the optical communication between several spatially separated spots. The separation between the spots ("focal distance") and the size of the spot (resolution) are among the main figures of merit for optical systems [4] . Here we propose the technique for far-field communications between several sub-wavelength spots based on manipulation of sub-wavelength signals in planar slabs of strongly anisotropic dielectrics. Our method combines the benefits of planar optics offered by Fresnel zone plates [8] and negative-refraction lenses [4, 9] , wide-spectrum-generation offered by nearfield plates [6] , and diffraction-less propagation offered by strongly anisotropic ("hyperbolic") metamaterials [3, 10, 11] . The method is illustrated on the example of far-field sub-wavelength foci generated by the diffraction gratings in hyperbolic metamaterials. Analytical estimates of the performance of such "hyper"-gratings are provided and verified with numerical solutions of Maxwell equations. Generalizations of the proposed technique for on-chip communications are suggested.
The optical behavior of imaging or focusing devices is most clearly seen when considered in the wavevector space. In this approach, the optical pulse at the entrance to the device is represented as a set of plane waves with well-defined components of the wavevector k and frequency ω. The spatial evolution of each of these waves is then analyzed, and finally the spectrum is converted back into the real-space domain at the exit point of the device.
Most transparent natural materials support propagating waves with some limited range of the wavevectors. The maximum value of the wavevector component k max x = √ ǫµω/c determines the minimum size of the focal spot that can be achieved in this device in the far-field limit ∆ ∼ 2π/k max x = λ 0 / √ ǫµ [8] . The role of the conventional optical elements is therefore reduced to adjusting the phase-shifts between different wavevector components to achieve the best-possible (although still diffraction-limited) resolution. This adjustment is typically provided by material inhomogeneities (lenses), or by diffraction gratings (Fresnel lenses or zone plates) [8] . Several techniques have been suggested to achieve subwavelength imaging. Some of these techniques -SNOM, superlens, and near-field plates [4, 6, 13] rely on exponentially decaying (evanescent) fields with |k x | > k max x to surpass the diffraction limit. Unfortunately, the realistic applications of these techniques are limited to near-field 
proximity of the imaging system [14] .
Another class of structures, either use transformationoptics techniques (light compressors) [2] , or make use of ultra-high-index modes in plasmonic [5] or strongly anisotropic [10] media. While these systems are able to achieve subwavelength light manipulation in the far-field, their fabrication requires three-dimensional patterning. Moreover, the devices themselves are often non-planar which further restricts the range of their possible applications.
Here we propose a system capable of far-field subwavelength light manipulation free of the above restrictions. The schematics of the proposed planar structure and several realizations are shown in Fig.1a . The system comprises a (planar) slab of strongly anisotropic metamaterial covered with a diffraction grating. As explained below, the diffraction grating is responsible for generating the high-wavevector components of electromagnetic fields, and the slab is used for the routing of the resulting sub-wavelength signals.
We begin by discussing the propagation of TMpolarized light generated by a thin slit of width d 1 ≪ λ 0 = 2πc/ω positioned at x = x 1 . We assume that the pulse propagates along the optical axis (axis z in Fig.1a ) of a uniaxial anisotropic metamaterial with dielectric permittivityǫ, a diagonal tensor with components {ǫ xy , ǫ xy , ǫ z }. The field due to the slit inside the material at the distance z from the interface is given by:
with the source [S(k x )] and the transfer [T (k x , z)] functions given by:
(2)
The sign of the square root in Eq.(3) should be chosen to enforce the field decay inside the absorptive medium [9] . The amplitude of the transfer function defines the evolution of the wavevector spectrum, and thus it effectively defines the resolution of the system. As seen from Eq.(3), in isotropic systems, the high-k x components of the spectrum are exponentially suppressed [ Fig.1(b,e) ], and the sub-wavelength resolution is limited to the proximity of the slit.
The situation is dramatically different in strongly anisotropic metamaterials that have ǫ xy ǫ z < 0 where hyperbolic dispersion virtually eliminates high-k x cutoff [10] . Nanolayer [15] and nanowire [16, 17, 18] realizations of these unique structures have been theoretically predicted and experimentally demonstrated for near-UV, visible, near-and mid-IR frequencies. It has been shown -both theoretically and experimentally -that optical properties of relatively thick metamaterials are welldescribed by (local) effective medium theories [15, 16, 17] . In this work we illustrate the sub-diffractional manipulation of light on examples of Au-alumina nanowire system [16, 17, 18] and AlGaAs-InGaAs nanolayer [15] structures operating at 1.5µm and 15µm respectively, where applicability of effective medium theories has been recently verified. The particular material parameters that we use in our simulations are: ǫ xy = 3.6 + 0.005i; ǫ z = −12.2 + 1.36i for nanowire system and ǫ xy = −6.4 + 1.4i; ǫ z = 36 + 3.4i for multilayered structure [16, 19] .
Note that the two structures have opposite anisotropy. The nanowire composite exhibits the negative refraction (positive phase index) properties, described in [9, 11, 15, 17] , and supports the propagation of both small (|k x c/ω| 1) and high-wavenumber waves. In contrast to this behavior, the nanolayer composite operates in the positive-refraction (negative index) regime; it only supports high-wavenumber components [9, 10] . As seen in Fig.1 , both structures dramatically outperform their isotropic counterparts. However, suppression of diffraction-limited background in nanolayered structure makes these systems more suitable for far-field operations.
As described above, the sub-diffraction manipulation of light relies on the propagation of high-k x modes. In strongly anisotropic systems these waves propagate almost parallel to each other, with the angle between propagation direction and optical axis given by the ratio of 
wavevector components [20] :
The concentration of sub-wavelength components into the two sub-wavelength beams emerging from the point slits are clearly seen in Fig.1 ; the directions of these beams are in perfect agreement with Eq.4. Note that while the field distributions in nanowire metamaterials is dramatically different from that in nanolayer structures, the spectra of both systems contain substantial contribution of sub-diffractional components. The light propagation behind an arbitrary 1D diffraction grating with slits of thickness
Thus, each slit of the diffraction grating generates a set of two sub-wavelength beams diverging at the angle θ. The interference of these beams can then be used to generate a sub-wavelength pattern in the bulk of metamaterial or on its opposite edge.
The class of nanophotonic devices based on combinations of planar anisotropic (hyperbolic) metamaterials and diffraction gratings can be called hyper-gratings, reflecting some analogy between these systems, Fresnel optics and hyperlenses [3, 6, 8] The developed framework is easily extendable for 2D gratings, with each point of the grating generating a cone of radiation with apex angle 2θ [see Eq. (4)]. The superposition of these cones explains, in particular, the appearance of periodic sub-wavelength pattern in recent numerical simulations of imaging of 2D arrays of holes by multi-layered composites [7] . The limit |ǫ z | ≫ |ǫ xy | yields θ → 0 and corresponds to canalization regime observed in low-frequency nanowire structures [21] .
Hyper-gratings have potential to enable numerous exciting applications, including the communication between diffraction-limited optics and sub-wavelength areas, communication between several sub-wavelength objects inside the system, high-resolution lithography, and high-density sensing.
In particular, hyper-gratings can be designed to realize the planar Fresnel-like lenses with subwavelength foci. Note that although the resolution of these lenses will still be limited by the spectral properties of incident radiation, hyper-gratings can provide unprecendented density of pixels at the focal plane.
Several examples of generation of sub-wavelength field patterns inside (and at the back boundary) of the metamaterial are shown in Figs.2,3 . Note that the thickness of the foci of the hyper-gratings ranges from λ 0 /50 to λ 0 /20 and is almost unaffected by the presence of material interfaces.
We now turn to the analysis of limitations of the proposed technique. The main limitation of the resolution of anisotropy-based nanophotonics comes from material absorption. In the limit of low loss the high-k x behavior of the transfer function can be characterized by:
The evolution of the spectrum of the wavepackets inside anisotropic metamaterials calculated using numerical solutions of Maxwell's equations are shown in Fig.1 . Note that the performance of realistic metamaterials greatly exceeds the performance of their isotropic counterparts. Assuming that the wavevector spectrum at the focal spot is dominated by the exponential decay given by Eq. (5), and neglecting the specific dynamics of |k x | ω/c waves, we arrive to the following estimate of resolution of anisotropy-based hyper-gratings:
Our analysis indicates that under realistic conditions, Eq.(6) tends to over-estimate the FWHM of the image. The second limitation of the proposed technique emanates from the appearance of non-local corrections in k x ≫ ω/c response of composite systems. Extensive previous research [16, 22] indicates that these corrections become important when the scale of field variation in the system becomes comparable with the size of its structural unit. Thus, the non-local corrections will limit the resolution of hyper-grating systems to the scale of the metamaterial component (∼ 25 . . . 50nm in realistic nanowire and nanolayer structures).
To conclude, we have proposed a new class of planar nanophotonic systems: hyper-gratings that combine the benefits of planar zone plates with far-field subwavelength resolution of the hyperlens. Sub-wavelength "focal" spots in the far-field of the hyper-grating have been demonstrated numerically and the analytical description of the underlying physic has been derived analytically. Examples of 1D and 2D amplitude gratings were presented. It is reasonable to assume that the results can be further optimized with phase gratings. The technique, illustrated here on examples of near-IR and mid-IR frequencies, is scalable from near-UV to mid-IR. Furthermore, the approach can be straightforwardly extended to enable the communication between sub-wavelength spots inside the bulk of metamaterials. Applications of the developed formalism lie in high-resolution sensing, lithography, and in on-chip communications.
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